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RESOURCES(N,) [RB] CLIPPINGS{NG) [RB]
T2 0
3~5 1
E~8 2
g~12 3
13~16 4
17~20 5
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SCHEME®) | RATE(G) | CLIPPING RATE(Repo)
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QPSK 2/3 0.25
3/4 0.2
1/2 0.1
160AM 2/3 0.05
/4 0
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FIG.14
SCHEME®; |  RATE(G) | USED TABLE
1/2 TABLES
QRSK 2/3 TABLE#HZ
3/4 TABLEH#3
1/2 TABLE#E
16QAM 2/3 TABLEH#E
3/4 TABLE#S
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RANK(L} CLIPPING RATE(Rq p4)
1 0.3
2 0.28
3 0.25
4 0.22
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RANK(L) USED TABLE
i TABLERY
2 TABLE#S
3 TABLERD
4 TABLE#10
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1

WIRELESS TRANSMISSION APPARATUS,
WIRELESS RECEPTION APPARATUS,
WIRELESS COMMUNICATION SYSTEM,
AND CONTROL PROGRAM AND
INTEGRATED CIRCUIT OF WIRELESS
TRANSMISSION APPARATUS

TECHNICAL FIELD

The present invention relates to a clipping technique to
share information on clipping between a transmission appa-
ratus and a reception apparatus without increasing the amount
of control information.

BACKGROUND ART

Along with increase in the amount of data communication
in recent years, the need of a wireless communication system
that achieves higher spectrum efficiency is increased. In such
circumstances, the standardization of the LTE (Long Term
Evolution) standard called the 3.9th generation radio com-
munication standard has been completed and in an uplink
(communication from a mobile station apparatus to a base
station apparatus), DFT-S-OFDM (Discrete Fourier Trans-
form Spread Orthogonal Frequency Division Multiplexing:
also called SC-FDMA (Single Carrier Frequency Division
Multiple Access), DF T-precoded OFDM, OFDM with DFT
Precoding, etc.) system is used, which can easily maintain
orthogonality between mobile station apparatuses at the time
of multi-access and allocates a single carrier spectrum to
contiguous frequencies in a frequency domain. As the back-
ground of'this, there is a need for a mobile station apparatus to
keep high power use efficiency of a power amplifier with
limited transmit power in the uplink, and also the fact exists
that the single carrier system is more suitable, which is excel-
lent in PAPR (Peak to Average Power Ratio) characteristics.

As one of methods for improving the spectrum efficiency
of the above-mentioned DFT-S-OFDM system, the fre-
quency clipping technique that does not transmit part of a
frequency spectrum in the DFT-S-OFDM system is discussed
(hereinafter, referred to as Clipped DFT-S-OFDM) (see Non
Patent Document 1). In Clipped DFT-S-OFDM, compared to
a case where clipping is not performed, usage is available, in
which transmission is performed more efficiently with less
frequency bands, or a larger amount of information is trans-
mitted using the same frequency bands, and therefore,
Clipped DTF-S-OFDM is a useful technique in the current
communication environment, in which tight situations of fre-
quency resources are accelerated due to an increase in the
number of users and in the amount of information.

FIG. 19 is a block diagram showing a configuration
example of a transmission apparatus in the case where
Clipped DFT-S-OFDM is used in uplink transmission. The
transmission apparatus needs to be notified of various kinds
of'parameters (number of allocated resources, mapping infor-
mation, modulation scheme, coding rate, etc.) used in trans-
mission as control information by the reception apparatus
before performing transmission of data. Because of this, first,
the transmission apparatus extracts control information in a
control information extraction unit 105 after down-convert-
ing a signal from the reception apparatus received at a recep-
tion antenna unit 101 in a radio reception unit 103. The
transmission apparatus sets various kinds of parameters to be
applied to transmission based on the extracted control infor-
mation.

The transmission data is first error correction encoded in an
encoding unit 107 and then modulated in a modulation unit
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109. At this time, the coding rate of error correction coding
applied in the encoding unit 107 and the modulation multi-
value number applied in the modulation unit 109 are selected,
respectively, based on coding rate information 1001 and
modulation scheme information 1002 (also referred to as
MCS (Modulation and Coding Scheme) etc. as information
integrating the two pieces of information) included in control
information notified from the control information extraction
unit 105. The modulated signal is converted into a frequency
domain signal by the DFT (Discrete Fourier Transform) in a
DFT unit ill. Here, a size N,z of an output of the DFT unit
111 (hereinafter, referred to as DFT size) is determined by
allocation resource number information 1003 included in the
control information output from the control information
extraction unit 105. However, it may also be possible to
calculate the allocation resource number information using
mapping information 1005 indicative of the frequency posi-
tion of an allocation resource.

Next, a clipping unit 113 clips part of the output of the DFT
unit 111 based on clipping information 1004 output from a
clipping control unit 115 and outputs signals at the remaining
N points. Here, clipping means assuming that the clipped part
has no signal and in the present specification, the clipping rate
is defined as “l-(number (N) of output components of the
clipping unit 113/DFT size (Nz7))” (Npz72N). The clipped
signal is allocated to a subcarrier used in transmission in a
subcarrier mapping unit 117. At this time, allocation is per-
formed based on the mapping information 1005 given from
the control information extraction unit 105 and zero is
inserted into a subcarrier not used in transmission.

AnIFFT (Inverse Fast Fourier Transform) unit 119 inverse-
Fourier transforms a transmission signal output from the sub-
carrier mapping unit 117 to convert the transmission signal
from a frequency domain signal into a time domain signal.
After that, into the obtained time domain signal, a CP (Cyclic
Prefix) (signal obtained by copying part of the rear of a
symbol after IFFT) is inserted in a CP insertion unit 121.
Next, the signal is up-converted into a radio frequency band
signal in a radio transmission unit 123 and is transmitted from
a transmission antenna unit 125.

On the other hand, in the reception apparatus, it is made
possible to restore the transmission data without deteriorating
the characteristics so much of the transmission signal whose
part of a spectrum is clipped by using the nonlinear iterative
equalization (for example, frequency domain SC/MMSE
(Soft Canceller followed by Minimum Mean Square Error)
turbo equalization) technique.

FIG. 20 is a block diagram showing a configuration
example of a reception apparatus using frequency domain
SC/MMSE turbo equalization. In the reception apparatus,
first, after a signal received at a reception antenna unit 201 is
down-converted in a radio reception unit 203, the CP is
removed in a CP removal unit 205. The obtained parallel
signal is converted by the FFT (Fast Fourier Transform) from
the time domain signal into a frequency domain signal in an
FFT unit 207 and is separated into a signal for each user in a
subcarrier demapping unit 209. The number of components
(N) of the separated frequency domain signal for each user is
equal to or less than the number of output components
(Npz7), of a DFT unit 223 used in the transmission apparatus,
and therefore, zero is inserted into the same frequency com-
ponent as the signal clipped on the transmission side in a first
zero insertion unit 213 based on clipping information 2001
given from a clipping control unit 211. This is an operation to
attach zero to both ends or one end of the output signal of the
subcarrier demapping unit 209 and by this operation, the
frequency signal having the same size as the number of output
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components (N ;) of the DFT used on the transmission side
is output from the first zero insertion unit 213. Here, the
clipping information 2001 given from the clipping control
unit 211 may be information determined in the transmission
apparatus and notified as control information, or information
determined by the reception apparatus.

A pilot signal for channel estimation is input into a channel
estimation unit 215, which calculates a channel estimation
value using the input pilot signal. Into the position ofa clipped
spectrum of the calculated channel estimation value, zero is
inserted in a second zero insertion unit 217 based on the
clipping information 2001 given from the clipping control
unit211. The zero-inserted channel estimation value is output
to a channel multiplication unit 219 and an equalization unit
221. The channel multiplication unit 219 multiplies the fre-
quency domain signal output from the DFT unit 223 by the
zero-inserted channel estimation value input from the second
zero insertion unit 217 and outputs the obtained signal to a
cancel unit 225.

In the cancel unit 225, the frequency domain signal given
from the channel multiplication unit 219 is subtracted from
the frequency domain signal given from the first zero inser-
tion unit 213, and thereby the replica of a desired signal is
cancelled and residual signal components are calculated.
However, in the first processing in the cancel unit 225, the
signal replica is not generated, and therefore, cancel process-
ing is not performed and the frequency domain signal given
from the first zero insertion unit 213 is output to the equal-
ization unit 221 as it is. The equalization unit 221 performs
equalization processing using the output of the cancel unit
225 and the channel estimation value, which is the output of
the second zero insertion unit 217, and then restores the
desired signal using the signal replica, which is the output of
a replica generation unit 227, after conversion into the time
domain is performed by the IDFT (Inverse DFT).

Here, into the channel estimation value used in equaliza-
tion processing, zero is inserted in the second zero insertion
unit 217, and therefore, the reception apparatus performs
equalization by handling the spectrum clipped in the trans-
mission apparatus as if it is lost by the fall of the channel. Such
processing makes it possible to correctly reproduce the signal
before being clipped in the transmission apparatus.

After that, the signal output from the equalization unit 221
is demodulated in a demodulation unit 229 and subsequently,
is error corrected in a decoding unit 231 and an LLR (Log
Likelihood Ratio) of a coded bit is calculated. Iteration of
equalization processing is determined based on the LLR in an
iteration control unit 233 and in the case where processing is
repeated, the LLR is output to the replica generation unit 227
in order to generate a soft replica of the signal and in the case
where the iteration processing is exited, the LLR is output to
a determination unit 235. The replica generation unit 227
generates a soft replica in accordance with reliability of the
LLR of the coded bit. The generated replica is input to the
DFT unit 223 and then input to the channel multiplication unit
219 described previously. Further, the replica generation unit
227 outputs the generated replica to the equalization unit 221
for reconfiguration of the desired signal at the time of equal-
ization.

Such equalization processing is repeated a plurality of
times based on the number of times of iteration determined by
the iteration control unit 233, and finally the decoded bit is
obtained by performing hard decision on the LLR of the
information bit sequence in the determination unit 235.

4
PRIOR ART DOCUMENT

Non-Patent Document

5 Non-Patent Document 1: A. Okada, S. Ibi, S. Sampei, “Spec-
trum Shaping Technique Combined with SC/MMSE Turbo
Equalizer for High Spectral Efficient Broadband Wireless
Access Systems,” ICSPCS2007, Gold Coast, Australia,

December 2007.
10 DISCLOSURE OF THE INVENTION
Summary of the Invention
s When transmission is performed using the previously

described Clipped DFT-S-OFDM and clipping of a spectrum
is performed in the transmission apparatus, it is necessary for
the reception apparatus to regard the frequency at the position
of the spectrum not transmitted as a channel whose gain is
zero, and therefore, it is necessary to mutually share informa-
20 tion of the position of the clipped spectrum. No means for
sharing is clearly described in the past documents, but, as
simple means, mention is made of a method for providing
notification of clipping information used in actual transmis-
sion by the transmission apparatus or the reception apparatus
using control information, similar to coding rate information,
modulation scheme information, etc. However, there has
been a problem that notification of information on clipping in
each transmission chance leads to an increase in the amount
of control information and eventually leading to reduction in
throughput of data transmission.

The present invention has been made in view of such cir-
cumstances and aims at providing a wireless transmission
apparatus, a wireless reception apparatus, a wireless commu-
nication system, and a control program and an integrated
circuit of the wireless transmission apparatus, wherein it is
not necessary for a reception apparatus or a transmission
apparatus to notify the transmission apparatus or the recep-
tion apparatus of information on clipping in the wireless
communication system in which clipping is performed.

25

30

35

40 Means for Solving the Problems

(1) In order to achieve the above-mentioned object, the
present invention has taken the following measure. That is,
the wireless transmission apparatus of the present invention is
a wireless transmission apparatus that performs clipping pro-
cessing not to transmit a spectrum of part of a frequency
domain signal when transmitting data to a wireless reception
apparatus, wherein the wireless transmission apparatus uses
information which is notified from the wireless reception
apparatus other than information which directly specifies a
frequency band to be subjected to the clipping processing to
determine the frequency band to be subjected to the clipping
processing.

As described above, the wireless transmission apparatus
determines a frequency band to be subjected to clipping pro-
cessing using information other than information directly
specifying a frequency band to be subjected to clipping pro-
cessing, and therefore, information directly identitying a fre-
quency to be subjected to clipping processing is no longer
necessary. As a result of that, it is made possible to improve
60 throughput of data transmission by suppressing an increase in
the amount of control information.

(2) Further, the wireless transmission apparatus of the
present invention is characterized in that the information used
when determining a frequency band to be subjected to the
clipping processing is at least one piece of information
included in control information notified from the reception
apparatus.

45

65



US 9,313,775 B2

5

As described above, the information used when determin-
ing a frequency band to be subjected to clipping processing is
at least one piece of information included in control informa-
tion notified from the reception apparatus, and therefore, the
information directly identifying a frequency to be subjected
to clipping processing is no longer necessary. As a result of
that, it is made possible to improve throughput of data trans-
mission by suppressing an increase in the amount of control
information.

(3) Further, the wireless transmission apparatus of the
present invention is characterized in that the at least one piece
ofthe notified control information is information indicative of
a bandwidth of an allocated radio resource.

As described above, the at least one piece of the notified
control information is information indicative of a bandwidth
of an allocated radio resource, and therefore, it is possible for
the wireless transmission apparatus to perform processing
necessary for clipping without notification of information on
clipping between a transmission apparatus and a reception
apparatus. As a result of that, it is made possible to reduce the
amount of control information and to achieve a reduction in
the burden of implementing the clipping technique.

(4) Further, the wireless transmission apparatus of the
present invention is characterized in that the frequency band
to be subjected to the clipping processing is determined based
on a table in which an allocated radio resource bandwidth and
a frequency bandwidth to be subjected to the clipping pro-
cessing are associated with each other.

As described above, the wireless transmission apparatus
determines a frequency band to be subjected to clipping pro-
cessing based on a table in which an allocated radio resource
bandwidth and a frequency bandwidth to be subjected to
clipping processing are associated with each other, and there-
fore, it is possible to perform processing necessary for clip-
ping without notification of information on clipping between
a transmission apparatus and a reception apparatus. As a
result of that, it is made possible to reduce the amount of
control information and to achieve a reduction in the burden
of implementing the clipping technique.

(5) Further, the wireless transmission apparatus of the
present invention is characterized in that the frequency band
to be subjected to the clipping processing is determined based
ona clipping rate determined in advance between the wireless
reception apparatus and the wireless transmission apparatus.

As described above, the wireless transmission apparatus
determines a frequency band to be subjected to clipping pro-
cessing based on a clipping rate determined in advance
between the wireless reception apparatus and the wireless
transmission apparatus, and therefore, it is possible to per-
form clipping processing in accordance with a parameter with
which to change the clipping rate.

(6) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N denotes a number of allo-
cation units of an allocated radio resource, R; ;» denotes a
clipping rate determined in advance between the wireless
reception apparatus and the wireless transmission apparatus,
and floor (x) denotes a function expressing a maximum inte-
ger equal to or less than a real number x with respect to x, a
number of clippings N, ;» corresponding to the number of
allocation units to be subjected to the clipping processing is
determined using a formula below.

Nepp=floor(Rcr1p"Ng) [Formula 1]
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As described above, the wireless transmission apparatus
determines the number of clippings N, ;» corresponding to
the number of allocation units to be subjected to clipping
processing using the above formula, and therefore, it is pos-
sible to perform clipping processing in accordance with a
parameter with which to change the clipping rate.

(7) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed after a time domain signal is
converted into a frequency domain signal, a DFT (Discrete
Fourier Transform) size of the frequency domain signal is
determined based on an allocated radio resource bandwidth
and a frequency bandwidth to be subjected to the clipping
processing.

As described above, in the case where clipping processing
is performed after a time domain signal is converted into a
frequency domain signal, the wireless transmission apparatus
determines the DFT (Discrete Fourier Transform) size of the
frequency domain signal based on an allocated radio resource
bandwidth and a frequency bandwidth to be subjected to
clipping processing, and therefore, it is made possible to
perform clipping processing based on a definition determined
in common to the transmission apparatus and the reception
apparatus by regarding allocation resource number informa-
tion already known to both the transmission apparatus and the
reception apparatus as a radio resource available after clip-
ping. As a result of that, it is possible to increase the trans-
mission rate and perform clipping processing without
increasing the amount of control information compared to
that in the case where clipping is not performed.

(8) Further, the wireless transmission apparatus of the
present invention is characterized in that the DFT (Discrete
Fourier Transform) size of the frequency domain signal is
determined based on a table in which an allocated radio
resource bandwidth and a frequency bandwidth to be sub-
jected to the clipping processing are associated with each
other.

As described above, the wireless transmission apparatus
determines the DFT (Discrete Fourier Transform) size of the
frequency domain signal based on a table in which an allo-
cated radio resource bandwidth and a frequency bandwidth to
be subjected to clipping processing are associated with each
other, and therefore, it is made possible to perform clipping
processing based on a definition determined in common to the
transmission apparatus and the reception apparatus by
regarding the allocation resource number information already
known to both the transmission apparatus and the reception
apparatus as a radio resource available after clipping. As a
result of that, it is possible to increase the transmission rate
and perform clipping processing without increasing the
amount of control information compared to that in the case
where clipping is not performed.

(9) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N denotes a number of allo-
cation units of an allocated radio resource, R;,» denotes a
clipping rate determined in advance between the wireless
reception apparatus and the wireless transmission apparatus,
and X denotes a set of natural numbers whose prime factors
are expressed only by 2, 3, and 5, the DFT size N,z is
determined using a formula below.
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[Formula 2]

1
Npgr = N,
peT rxrg(x{x < (1 = Reup R]}

As described above, the DFT size N, is determined
using the above formula, and therefore, it is possible to per-
form clipping processing in accordance with a parameter with
which to change the clipping rate.

(10) Further, the wireless transmission apparatus of the
present invention is characterized in that the at least one piece
of the notified control information is an MCS (Modulation
and Coding Scheme) to be applied in transmission to the
wireless reception apparatus.

As described above, at least one piece of notified control
information is an MCS (Modulation and Coding Scheme) to
be applied to transmission to the wireless reception apparatus,
and therefore, it is made possible to perform clipping pro-
cessing in accordance with the optimum clipping rate that
changes depending on the MCS. Further, by performing clip-
ping based on MCS information and allocation resource num-
ber information already known to each of the transmission
apparatus and the reception apparatus, it is possible to prevent
an increase in the amount of control information due to clip-
ping information.

(11) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N denotes a number of allo-
cation units of an allocated radio resource, R, ;»; denotes a
clipping rate determined in advance between the wireless
reception apparatus and the wireless transmission apparatus,
a clipping rate when a coding rate is P and a modulation
scheme is Q denotes R ;»; (P, Q), and floor (x) denotes a
function expressing a maximum integer equal to or less than
a real number x with respect to x, a number of clippings
Nye5 corresponding to the number of allocation units to be
subjected to the clipping processing is determined using a
formula below.

Nerips=floor(R ey p3(5,.0)Np)

As described above, the wireless transmission apparatus
determines the number of clippings 1 corresponding to the
number of allocation units to be subjected to clipping pro-
cessing using the above formula, and therefore, it is possible
to perform clipping processing in accordance with a param-
eter with which to change the clipping rate.

(12) further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N, denotes a number of allo-
cation units of an allocated radio resource, a clipping rate
when a coding rate is P and a modulation scheme is Q denotes
Rz (P Q), and X denotes a set of natural numbers whose
prime factors are expressed only by 2, 3, and 5, the DFT size
N7 1s determined using a formula below.

[Formula 3]

[Formula 4]
Nprr = max{x < (; -NR]}
xeX L = Repp(P, Q)

As described above, the wireless transmission apparatus
determines the DFT size N, using the above formula, and
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therefore, it is possible to perform clipping processing in
accordance with a parameter with which to change the clip-
ping rate.

(13) Further, the wireless transmission apparatus of the
present invention is characterized in that the at least one piece
ofthe notified control information is information indicative of
arank applied in transmission to the wireless reception appa-
ratus.

As described above, the at least one piece of the notified
control information is information indicative of a rank to be
applied to transmission to the wireless reception apparatus,
and therefore, it is made possible to perform clipping pro-
cessing in correspondence to the optimum clipping rate that
changes depending on the rank of MIMO communication.
Further, by performing clipping based on rank information
and allocation resource number information already known
to each of the transmission apparatus and the reception appa-
ratus, it is possible to prevent an increase in the amount of
control information due to clipping information.

(14) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N denotes a number of allo-
cation units of an allocated radio resource, a clipping rate
when a rank is L denotes R -, (L), and floor (x) denotes a
function expressing a maximum integer equal to or less than
a real number x with respect to x, a number of clippings
Nz zp4 corresponding to the number of allocation units to be
subjected to the clipping processing is determined using a
formula below.

Nepipa=tloor(R crp(L)Ng)

As described above, the wireless transmission apparatus
determines the number of clippings N ; ;», corresponding to
the number of allocation units to be subjected to clipping
processing using the above formula, and therefore, it is pos-
sible to perform clipping processing in accordance with a
parameter with which to change the clipping rate.

(15) Further, the wireless transmission apparatus of the
present invention is characterized in that in a case where the
clipping processing is performed in allocation units of an
allocated radio resource, when N, denotes a number of allo-
cation units of an allocated radio resource, a clipping rate
when a rank is L. denotes R, ;» (L), and X denotes a set of
natural numbers whose prime factors are expressed only by 2,
3, and 5, the DFT size Nz, is determined using a formula
below.

[Formula 5]

[Formula 6]
Nprr = max{x < (; -NR]}
xeX 1= Repp(L)

As described above, the DFT size N, is determined
using the above formula, and therefore, it is possible to per-
form clipping processing in accordance with a parameter with
which to change the clipping rate.

(16) Further, the wireless reception apparatus of the
present invention is a wireless reception apparatus that
receives data having been subjected to clipping processing
not to transmit a spectrum of part of a frequency domain
signal on a transmission side and transmitted, wherein the
wireless reception apparatus determines a frequency band to
be subjected to clipping processing based on control infor-
mation notified to a transmission apparatus and a radio
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resource clipping frequency position determination rule
already known to a reception side.

As described above, the wireless reception apparatus deter-
mines a frequency band to be subjected to clipping processing
based on control information notified to the transmission
apparatus and the radio resource clipping frequency position
determination rule already known to the reception side, and
therefore, information directly identifying a frequency to be
subjected to clipping processing is no longer necessary. As a
result of that, it is made possible to improve throughput of
data transmission by suppressing an increase in the amount of
control information.

(17) Further, the wireless communication system of the
present invention is characterized by being configured by the
wireless transmission apparatus described in any of (1) to (15)
described above, and the wireless reception apparatus.

As described above, the wireless communication system is
configured by the wireless transmission apparatus described
in any of (1) to (15) described above, and the wireless recep-
tion apparatus, and therefore, information directly identifying
afrequency to be subjected to clipping processing is no longer
necessary. As a result of that, it is made possible to improve
throughput of data transmission by suppressing an increase in
the amount of control information.

(18) Further, the control program of the wireless transmis-
sion apparatus of the present invention is characterized by
converting a series of processing into commands so as to
enable a computer to read and execute them, the series of
processing including: clipping processing not to transmit a
spectrum of part of a frequency domain signal when trans-
mitting data to a wireless reception apparatus; and processing
to determine a frequency band to be subjected to the clipping
processing using information which is notified from the wire-
less reception apparatus other than information which
directly specifies a frequency band to be subjected to the
clipping processing.

As described above, the wireless transmission apparatus
determines a frequency band to be subjected to clipping pro-
cessing using information other than information directly
specifying a frequency band to be subjected to clipping pro-
cessing, and therefore, information directly identitying a fre-
quency to be subjected to clipping processing is no longer
necessary. As a result of that, it is made possible to improve
throughput of data transmission by suppressing an increase in
the amount of control information.

(19) Further, the integrated circuit of the present invention
is an integrated circuit that is implemented in a wireless
transmission apparatus thereby causing the wireless trans-
mission apparatus to exhibit a plurality of functions, the inte-
grated circuit causing the wireless transmission apparatus to
exhibit a plurality of functions of: transmitting data to a
wireless reception apparatus; performing clipping processing
not to transmit a spectrum of part of a frequency domain
signal; and determining a frequency band to be subjected to
the clipping processing using information which is notified
from the wireless reception apparatus other than information
which directly specifies a frequency band to be subjected to
the clipping processing.

As described above, the integrated circuit has the function
to determine a frequency band to be subjected to clipping
processing using information other than information directly
specifying a frequency band to be subjected to clipping pro-
cessing, and therefore, information directly specifying a fre-
quency band to be subjected to clipping processing is no
longer necessary. As a result of that, it is made possible to
improve throughput of data transmission by suppressing an
increase in the amount of control information.
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Effect of the Invention

Use of the present invention makes it possible to share
information on clipping without the need to transmit the
information between a transmission apparatus and a recep-
tion apparatus in a wireless communication system, and
therefore, it is made possible to implement the clipping tech-
nique without increasing the burden to the amount of control
information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ablock diagram showing an example of a wireless
transmission apparatus configuration according to a first
embodiment of the present invention.

FIG. 2 is ablock diagram showing an example of a wireless
reception apparatus configuration according to the first
embodiment of the present invention.

FIG. 3 is a table showing an example of a clipping number
determination method according to the first embodiment of
the present invention.

FIG. 4 is a diagram for explaining an example of clipping
information generation according to the first embodiment of
the present invention.

FIG. 5 is ablock diagram showing an example of a wireless
transmission apparatus configuration according to a second
embodiment of the present invention.

FIG. 6 is a block diagram showing an example of a wireless
reception apparatus configuration according to the second
embodiment of the present invention.

FIG. 7 is a table showing an example of a clipping number
and DFT size determination method according to the second
embodiment of the present invention.

FIG. 8 is a diagram for explaining an example of clipping
information generation according to the second embodiment
of the present invention.

FIG. 9 is ablock diagram showing an example of a wireless
transmission apparatus configuration according to a third
embodiment of the present invention.

FIG. 10 is a block diagram showing an example of a wire-
less reception apparatus configuration according to the third
embodiment of the present invention.

FIG. 11 is a table showing an example of clipping number
determination means in a clipping control unit 115¢ and a
clipping control unit 211¢ of the transmission apparatus and
the reception apparatus of the third embodiment of the
present invention.

FIG. 12 is a diagram for explaining an example of clipping
information generation according to the third embodiment of
the present invention.

FIG. 13 is a block diagram showing an example of a wire-
less transmission apparatus configuration in the case where
the number of allocated resources is set to the number of
transmission spectra after clipping in the third embodiment of
the present invention.

FIG. 14 is a table showing an example of clipping number
determination means in a clipping control unit 1154 and the
clipping control unit 211¢ of the transmission apparatus and
the reception apparatus of the third embodiment of the
present invention.

FIG. 15 is a block diagram showing an example of a trans-
mission apparatus according to a fourth embodiment of the
present invention.

FIG. 16 is a block diagram showing an example of a wire-
less reception apparatus configuration according to the fourth
embodiment of the present invention.
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FIG. 17 is a table showing an example of clipping number
determination means in a clipping control unit 115¢ and a
clipping control unit 211d of the transmission apparatus and
the reception apparatus of the fourth embodiment of the
present invention.

FIG. 18 is a table for explaining an example of clipping
information generation according to the fourth embodiment
of the present invention.

FIG. 19 is a block diagram showing a configuration
example of a transmission apparatus in the case where
Clipped DFT-S-OFDM is used in uplink transmission.

FIG. 20 is a block diagram showing a configuration
example of a reception apparatus using frequency domain
SC/MMSE turbo equalization.

BEST MODES FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the present invention are
explained with reference to the drawings. In the following
embodiments, uplink communication is dealt with, but, even
if the same method is used in a downlink, the embodiment is
essentially the same as the present invention. That is, mapping
information or control information, such as an MCS, to be
input when determining clipping information may be gener-
ated in any of a transmission apparatus and a reception appa-
ratus, or may be notified from a transmission apparatus to a
reception apparatus. Further, in the explanation of the follow-
ing embodiments, as an allocation unit of the number of
allocated resources, an RB (Resource Block) is used, but,
even if a different allocation unit is used, the effects of the
present invention are the same.

First Embodiment

Number of Clippings is Determined in Accordance
with Number of Allocated RBs

In the present embodiment, a number of radio resources to
be clipped is determined based on a number of allocated radio
resources, which is information already known to a transmis-
sion apparatus and a reception apparatus and a clipping posi-
tionis identified by each of the transmission apparatus and the
reception apparatus.

FIG.1is ablock diagram showing an example of a wireless
transmission apparatus configuration according to the first
embodiment of the present invention. The transmission appa-
ratus of the present embodiment differs from a transmission
apparatus shown in FIG. 19 in that a clipping control unit 115
is replaced with a clipping control unit 115a and parts to
which the same symbols as those in FIG. 19 are attached have
the same function as those of the transmission apparatus
described in FIG. 19, and therefore, explanation thereof is
omitted here. It is designed so that allocation resource number
information 1003 output from a control information extrac-
tion unit 105 can be input to the clipping control unit 115a,
which determines a number of clippings N, ;» based on a
number of an allocated resources N given from the input
allocation resource number information 1003 (determination
method will be described later). Further, which position of the
N, allocated resources is clipped is determined using prede-
termined clipping position determination means and it is out-
put to a clipping unit 113 as clipping information 1004q.

FIG. 2 is ablock diagram showing an example of a wireless
reception apparatus configuration according to the first
embodiment of the present invention. The reception appara-
tus of the present embodiment differs from a reception appa-
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ratus shown in FIG. 20 in that a clipping control unit 211 is
replaced with a clipping control unit 211a. The clipping con-
trol unit 2114 receives allocation resource number informa-
tion 3001 from a scheduling unit 301, determines a number of
clippings and a clipping position by the same processing of
the clipping control unit 1154 in the radio apparatus described
previously, and outputs the number and position as clipping
information 2001a. The output clipping information 20014 is
input to a first zero insertion unit 213 and a second zero
insertion unit 217, and zero is inserted into the clipping posi-
tion in a demapped received signal and channel estimation
value.

Here, in the clipping processing of the same transmission
chance, the allocation resource number information 1003 in
FIG. 1 and the allocation resource number information 3001
in FIG. 2 are the same information, and therefore, the clipping
information 1004 in the transmission apparatus in FIG. 1
and the clipping information 2001« in FIG. 2 obtained by
performing the common processing will also be the same
information. Consequently, it is made possible to share the
clipping information between the apparatuses without the
need to newly add information on clipping to the control
information.

FIG. 3 is a table showing an example of a clipping number
determination method according to the first embodiment of
the present invention. In one of clipping number determina-
tion methods, a correspondence table as shown in FIG. 3,
which defines the number of clippings corresponding to the
number of allocated resources, is provided in the clipping
control unit 115a and the clipping control unit 211a of the
transmission apparatus and the reception apparatus, and the
number of clippings is identified based on the allocation
resource number information input to each. In the table
shown in FIG. 3, when N is 1 to 2 RBs, N, ;»1s 0 RBs, and
therefore, clipping is not performed. When N is 3 to 5 RBs,
Nz 1s 1 RB and similarly, when N is 6 to 8 RBs, N, is
2RBs,when Ny is 9to 12RBs, N, ;»1s 3 RBs, when N is 13
to 16 RBs, N, » is 4 RBs, and when Ny is 17 to 20 RBs,
Nz e 1s determined to be 5 RBs. Here, N and N, ,» are not
necessarily required to be in a proportional relationship and
any relationship may be set.

Further, when the ratio of the allowable number of clip-
pings to the number of allocated resources (clipping rate) is
set constant, it may also be possible to determine N, by a
formula below instead of using the table as in FIG. 3.

[Formula 7]

Negp=floor(Rcr1p°Ng) formula (1)

Here, R, ;» is a clipping rate determined in common to the
transmission apparatus and the reception apparatus and floor
(x) is a function (also called a floor function) expressing a
maximum integer equal to or less than a real number x with
respect to X.

If it is possible to uniquely determine the number of clip-
pings for the number of allocated resources without using the
table as in FIG. 3 or the formula (1), another calculation
formula may be used. However, it should be noted that in the
case where such a table, a calculation formula, etc., is used in
the transmission apparatus, the same determination method
should be provided also in the reception apparatus.

As to the position of the radio resource to be clipped within
an allocated radio resource after the number of clippings is
determined, if a definition (radio resource clipping frequency
position determination rule) common to the transmission
apparatus and the reception apparatus is made, any position
may be clipped. For example, N; ;- positions may be clipped
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in an ascending order of frequency of the N, allocated radio
resources, or N, ;» positions may be clipped in a descending
order of frequency, or N;,» positions determined based on
information already known to both the transmission appara-
tus and the reception apparatus may be clipped.

FIG. 4 is a diagram for explaining an example of clipping
information generation according to the first embodiment of
the present invention. In FIG. 4, in the allocation resource
number information notified from the reception apparatus, 12
RBS are input as N for the transmission apparatus. Here, itis
assumed that as already-known information to be shared
between the transmission apparatus and the reception appa-
ratus, the table in FIG. 3 is set and that the setting is done so
that clipping is performed in a descending order of frequency
of the allocated resources. From the table in FIG. 3, the
number of clippings N, ,» when Ny is 12 is 3 RBs, and
clipping information that the 3 RBs having the three highest
frequencies of the allocated resources of 12 RBs are not
transmitted is input to the clipping unit 113, and thus, a
clipped spectrum of 9 RBs as in FIG. 4 is generated and
transmitted.

On the other hand, also in the reception apparatus, the table
in FIG. 3 and the information that “N,=12" and “clipping in
a descending order of frequency” are already known, and
therefore, it is made possible to generate clipping information
by the same means as in the case of the transmission apparatus
described previously and zero insertion is performed in the
first zero insertion unit 213 and the second zero insertion unit
217 on the assumption that 3 RBs having the three highest
frequencies are clipped of the 12 RBS, which are allocated
resources.

In the present embodiment, by determining the number of
clippings using the allocation resource number information
already known to both the transmission apparatus and the
reception apparatus, it is possible to perform processing nec-
essary for clipping without notification of information on
clipping between the transmission apparatus and the recep-
tion apparatus. As a result, it is made possible to reduce the
amount of control information and to achieve a reduction in
the burden of implementing the clipping technique.

Second Embodiment

Mapping Information is Utilized as RB after
Clipping

In the first embodiment, the transmission apparatus and the
reception apparatus determine the number of clippings from
the notified allocation resource number information. In the
present embodiment, from notified allocation resource num-
ber information, the size (DFT size) of data to be transmitted
is determined in addition to determination of the number of
clippings.

FIG. 5 is ablock diagram showing an example of a wireless
transmission apparatus configuration according to the second
embodiment of the present invention. The transmission appa-
ratus of the present embodiment differs from the transmission
apparatus shown in FIG. 1 in that the clipping control unit
115a is replaced with a clipping control unit 11554. That the
clipping control unit 1156 determines the number of clip-
pings based on the allocation resource number information
1003 output from the control information extraction unit 105
is the same as in the first embodiment. The clipping control
unit 1155 generates clipping information 10045 based on an
obtained number of clippings (N ,»») and the definition on
the clipping position and inputs the information to the clip-
ping unit 113. On the other hand, in the first embodiment, the
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number of clippings (N;,») is determined regarding the
input allocation resource number information 1003 (N) as a
DFT size (N7 before clipping, but, in the present embodi-
ment, N, ;», and N are determined regarding the alloca-
tion resource number information 1003 as a number of ele-
ments (output size of the clipping unit 113) after clipping.
That is, the DFT size becomes “N,-;=Nz+N;;»,” and is
input to a DFT unit 111 as DFT size information 4001.

FIG. 6 is a block diagram showing an example of a wireless
reception apparatus configuration according to the second
embodiment of the present invention. The reception appara-
tus of the present embodiment differs from the reception
apparatus shown in FIG. 2 in that the clipping control unit
211a is replaced with a clipping control unit 2115. Similar to
the clipping control unit 1155 in FIG. 5 in the transmission
apparatus, the clipping control unit 2115 regards the alloca-
tion resource number information 3001 input from the sched-
uling unit 301 as the number of elements after clipping. Then,
by the same means as that of the transmission apparatus, the
clipping control unit 2115 calculates the number of clippings
Nz and outputs clipping information 20015 to the first
zero insertion unit 213 and the second zero insertion unit 217
after determining the clipping position.

FIG. 7 is a table showing an example of a method for
determining the number of clippings and the DFT size
according to the second embodiment of the present invention.
As an example of a method for determining the number of
clippings N ;», and the DFT size N of the clipping con-
trol unit 1155 in FIG. 5 and the clipping control unit 2115 in
FIG. 6 in the second embodiment, a case where the table
shown in FIG. 7 is used is explained. In FIG. 7, the input
number of allocated resources (N) is associated with the
number of clippings (N ; ;,) and the DFT size (N ). How-
ever, the DFT size is calculated by “Npz=Nz+N;»,” and
therefore, the DFT size or the number of clippings may not be
specified clearly in the table. In this example, the number of
clippings is defined for each number of allocated resources
and as one of the factors that require such a definition, men-
tion is made of restrictions on the DFT size. For example, in
a DFT unit of the LTE system, in order to avoid an increase in
the circuit scale, it is required that the number of input signals
be expressed only by prime factors “2, 3, and 57, and there-
fore, the DFT size, such as ““7”, <117, or ““13”, is not used. For
example, when the number of allocated resources is 5 in FIG.
7, if the number of clippings is set to 2 RBs, the DFT size to
be calculated will be 7 and this cannot be used as described
previously. Consequently, in FIG. 7, the number of clippings
when the number of allocated resources is 5 is reduced to 1,
and thereby the DFT size is set to 6 RBs.

FIG. 8 is a diagram for explaining an example of clipping
information generation according to the second embodiment
of the present invention. In FIG. 8, an example of clipping
information generation in the case where the table in FIG. 7 is
used is shown. In FIG. 8, as in the case in FIG. 4 in the first
embodiment, 12 RBs are allocated as N to the transmission
apparatus in the allocation resource number information noti-
fied from the reception apparatus. Further, it is assumed that
the clipping positions are set in a descending order of fre-
quency as information already known to the transmission
apparatus and the reception apparatus. In FIG. 7, when Ny is
12 RBs, the number of clippings is 4 RBs, and therefore, after
4 RBs are clipped, the spectrum to be transmitted will have 12
RBs. Consequently, the DFT size before clipping is 12 RBs+4
RBs=16 RBs and information that the DFT size is 16 RBs is
output to the DFT unit 111, clipping information that 4 RBs
having the four highest frequencies of the generated spectrum
of' 16 RBs are not transmitted is input to the clipping unit 113,
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and a clipped spectrum of 12 RBs as shown in FIG. 8 is
generated and used in transmission.

On the other hand, also in the reception apparatus, the table
shown in FIG. 7 and the information that “N,=12"" and “clip-
ping in a descending order of frequency” are already known,
and therefore, it is made possible to generate clipping infor-
mation by the same means as that in the case of the transmis-
sion apparatus described previously and zero insertion is
performed on the data the DFT size of which is 16 RBs in the
first zero insertion unit 213 and the second zero insertion unit
217 on the assumption that the 4 RBs having the four highest
frequencies are clipped.

The number of clippings N; /-, and the DFT size N,z
may be determined by a formula etc. without using the table
as described previously. For example, in the case where the
allowable number of clippings is set by the fixed clipping rate
Rz 5 Nppr in the present embodiment may be determined
by a formula below.

[Formula 8]

formula (2)

1
N, = N,
prr rxrg(x{x < (1 ~ Rewip R]}

Here, X is a set of natural number whose prime factors are
expressed only by 2,3, and 5. The number of clippings N ; ;»»
is calculated by a subtraction between N, obtained by the
formula (2) and the number of allocated resources Np.

If it is possible to uniquely determine the number of clip-
pings and the DFT size for the number of allocated resources
without using the table as in FIG. 7 or the formula (2), another
calculation formula may be used. However, it should be noted
that in the case where such a table, a calculation formula, etc.,
is used in the transmission apparatus, the same determination
method should be provided also in the reception apparatus.

In the present embodiment, by regarding the allocation
resource number information already known to both the
transmission apparatus and the reception apparatus as the
radio resource available after clipping, and based on the defi-
nition determined in common to the transmission apparatus
and the reception apparatus, clipping processing is per-
formed. As a result, it is possible to increase the transmission
rate and perform clipping processing without increasing the
amount of control information compared to that in the case
where clipping is not performed.

Third Embodiment

Clipping Rate is Determined in Accordance with
MCS

In the first embodiment and the second embodiment, the
number of clippings is determined in accordance with the
allocation resource number information that is notified as
control information and is already known to both the trans-
mission apparatus and the reception apparatus. In the present
embodiment, an aspect is shown in which the clipping rate is
determined based on an MCS which is notified as control
information and which indicates the modulation scheme and
the coding rate of error correction coding in order to deter-
mine the number of clippings more adaptively for transmis-
sion characteristics.

In the present embodiment, attention is focused on the fact
that the reliability of nonlinear iterative equalization process-
ing differs largely depending on the MCS used in transmis-
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sion and reception in the case where signal transmission is
performed by applying clipping. In order for the reception
apparatus to obtain information on a spectrum (clipping spec-
trum) not transmitted in clipping processing, decoding of the
transmitted spectrum (transmission spectrum) by error cor-
rection coding and iteration of interference cancel by areplica
are necessary. At this time, the amount of information of the
clipping spectrum that can be obtained depends on the reli-
ability of the information of the transmission spectrum, that
is, depends on the modulation scheme, the coding rate, etc.,
used in transmission. In general, the larger the number of
values in the modulation scheme, and the higher the coding
rate, the higher the error rate at the time of decoding becomes,
and therefore, it is desirable to set the ratio of the clipping
spectrum to the transmission spectrum low.

FIG. 9 is ablock diagram showing an example of a wireless
transmission apparatus configuration according to the third
embodiment of the present invention. The transmission appa-
ratus has substantially the same components as those of the
transmission apparatus in FIG. 1 in the first embodiment, but,
differs in that the clipping control unit 115« is replaced with
aclipping control unit 115¢. To the clipping control unit 115¢,
in addition to the allocation resource number information
1003, coding rate information 1001 and modulation scheme
information 1002 configuring the MCS are input of the con-
trol information output from the control information extrac-
tion unit 105. The clipping control unit 115¢ determines a
number of clippings N, ;»; based on the coding rate infor-
mation 1001, the modulation scheme information 1002, and
the allocation resource number information 1003 that are
input. The clipping control unit 115¢ generates clipping infor-
mation 1004¢ identifying the clipping position using the cal-
culated N_;,»; and the clipping position determination
method determined in common to the transmission apparatus
and the reception apparatus, and outputs the generated infor-
mation to the clipping unit 113.

FIG. 10 is a block diagram showing an example of a wire-
less reception apparatus configuration according to the third
embodiment of the present invention. The reception appara-
tus of the present embodiment differs from the reception
apparatus shown in FIG. 2 in that the clipping control unit
211a is replaced with a clipping control unit 211¢. The recep-
tion apparatus includes an MCS determination unit 401, and
coding rate information 5001 and modulation scheme infor-
mation 5002 are output and input to a control information
generation unit 303 and the clipping control unit 211c. The
clipping control unit 211¢ has the same clipping determina-
tion means as that of the clipping control unit 115¢ in FIG. 9
and determines the number of clippings based on the coding
rate information 5001, the modulation scheme information
5002, and the allocation resource number information 3001
that are input.

After that, the clipping control unit 211¢ determines the
clipping position by the same processing as that of the trans-
mission apparatus and outputs clipping information 2001c.
Here, in the clipping processing of the same transmission
chance, the “allocation resource number information 3001,
the “coding rate information 50017, and the “modulation
scheme information 50027, and the “allocation resource
number information 1003, the “coding rate information
10017, and the “modulation scheme information 1002 in
FIG. 9 are the same information notified as control informa-
tion, respectively, and therefore, the clipping information
2001c¢to be output and the clipping information 1004¢ in FIG.
9 will be the same information. The generated clipping infor-
mation 2001c¢ is input to the first zero insertion unit 213 and
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the second zero insertion unit 217 and zero is inserted into the
clipping position in the demapped received signal and the
channel estimation value.

FIG. 11 is a table showing an example of the clipping
number determination means in the clipping control unit 115¢
and the clipping control unit 211c¢ of the transmission appa-
ratus and the reception apparatus of the third embodiment of
the present invention. The clipping control unit 115¢ and the
clipping control unit 211c¢ have a clipping rate table as shown
in FIG. 11 in which the MCS and the clipping rate are asso-
ciated with each other and if the clipping rate when the modu-
lation scheme is P and the coding rate is Q denotes R, ;-5 (P,
Q), the number of radio resources N, ;5 t0 be clipped in the
clipping unit 113 is given by

[Formula 9].

Nerips=floor(R ey p3(5,.0)Np)

Here, it may also be possible for P and Q to be input to the
clipping unit 113 as one piece of MCS information X and for
R ;75 to be determined by X. By calculating the number of
clippings N, ;5 in this manner, it is possible to set the num-
ber of clippings corresponding to the MCS in each of the
transmission apparatus and the reception apparatus.

FIG. 12 is a diagram for explaining an example of clipping
information generation according to the third embodiment of
the present invention. In FIG. 12, as in the case in FIG. 4 in the
first embodiment, in the allocation resource number informa-
tion notified from the reception apparatus, 12 RBs are input as
Ny, for the transmission apparatus and further, that the modu-
lation scheme (P) used in transmission is QPSK and the
coding rate (QQ) of error correction code is 2/3 is input. It is
assumed that the clipping position is set in a descending order
of frequency as information already known to the transmis-
sion apparatus and the reception apparatus. The clipping rate
R 775 (P, Q) is determined by the modulation scheme and the
coding rate in accordance with the table shown in FIG. 11 and
here, R;;5;=0.25 is obtained. Consequently, the number of
clippings N;,»5 is obtained as N, »;=floor (0.25x12)=3
using the formula (3) and 3 RBs are clipped, that is, the
number of resource blocks to be clipped is 3. Then, clipping
information that 3 RBs having the three highest frequencies
of 12 RBs that are given are not transmitted is input to the
clipping unit 113 and a clipped transmission spectrum of 9
RBs as in FIG. 12 is transmitted.

On the other hand, also in the reception apparatus, infor-
mation that “N,=12", “modulation scheme: QPSK”, “cod-
ing rate: 2/3”, and “clipping in a descending order of fre-
quency” is already known, and therefore, it is made possible
to generate clipping information by the same means as in the
case of the transmission apparatus described previously and
zero insertion is performed in the first zero insertion unit 213
and the second zero insertion unit 217 on the assumption that
3 RBs having the three highest frequencies are clipped of 12
RBs, which are allocated resources.

In the configuration example described previously, the
number of allocated resources is set to the DFT size
(Npzr=Nz) before clipping as in the first embodiment, but,
also in the present embodiment, it may also be possible to set
the number of allocated resources to the number of transmis-
sion spectra (N -r—N; ;,3=Ny) after clipping as in the sec-
ond embodiment.

FIG. 13 is a block diagram showing an example of a trans-
mitter configuration in the case where the number of allocated
resources is set to the number of transmission spectra after
clipping in the third embodiment of the present invention.
FIG. 13 differs from FIG. 9 in that the clipping control unit

formula (3)
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115¢ is replaced with a clipping control unit 115d. To the
clipping control unit 1154, the coding rate information 1001,
the modulation scheme information 1002, and the allocation
resource number information 1003 are given from the control
information extraction unit 105 as input information, and the
clipping control unit 1154 determines the DFT size in view of
clipping and outputs DFT size information 4001a to the DFT
unit 111. Further, the clipping control unit 1154 determines
the clipping position from the number of clippings, which is
the difference between the DFT size and the number of allo-
cated resources and outputs the position to the clipping unit
113 as clipping information 10044.

As described above, as an example of the method for deter-
mining the DFT size N, in the case where the number of
allocated resources denotes the number of transmission spec-
tra after clipping, it is possible to calculate N, using the
table indicating the relationship between P, Q, and R ., ;- as in
FIG. 12 and a formula below.

[Formula 10]
N { < ( 1 N )} formula (4)
=max{xX <[ ———-
DT = ex I-RepP. Q) °

Here, X is the set of natural numbers whose prime factors are
expressed only by 2, 3, and 5.

FIG. 14 is a table showing an example of the clipping
number determination means in the clipping control unit
1154 and the clipping control unit 211¢ of the transmission
apparatus and the reception apparatus in the third embodi-
ment of the present invention. It may also be possible to
provide tables different for each MCS as shown in FIG. 14
without using formulas, such as the formula (3) and the for-
mula (4). As a table #1 to a table #6 in FI1G. 14, for example,
the table shown in FIG. 3 in the first embodiment or the table
shown in FIG. 7 in the second embodiment may be used and
numerical values input to the table of each MCS may be
different.

In the present embodiment, it is possible to perform clip-
ping processing in correspondence to the optimum clipping
rate that changes depending on the MCS and by performing
clipping based on the MCS information and the allocation
resource number information already known to each of the
transmission apparatus and the reception apparatus, it is pos-
sible to prevent an increase in the amount of control informa-
tion due to clipping information.

Fourth Embodiment

Clipping Rate is Determined in Accordance with
Rank

In the third embodiment, as a parameter with which to
change the clipping rate appropriately, the MCS already
known to both the transmission apparatus and the reception
apparatus is used, but, it may also be possible to use another
parameter notified similarly as control information and hav-
ing characteristics to change the clipping rate into optimum.

In the present embodiment, the clipping rate is changed by
a rank (number of streams to be transmitted simultaneously)
in the MIMO transmission. In the case where the ranks are
different in the same number of transmission antennas, the
lower the rank, the more the transmission data rate is reduced,
but, the effect of transmission diversity by applying precod-
ing and transmitting the same data using a plurality of trans-
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mission antenna units 125 is obtained, and therefore, gener-
ally, the error rate is improved. Consequently, by setting the
clipping rates or numbers of clippings that differ from rank to
rank, it is possible to obtain the same effect that is obtained in
the case where they are set for each MCS.

FIG. 15 is a block diagram showing an example of the
transmission apparatus according to the fourth embodiment
of'the present invention. In FIG. 15, C pieces of transmission
data are input and this means that C different physical chan-
nels are multiplexed simultaneously. The input transmission
data is error correction encoded in encoding units 501-1 to
501-C, and then modulated in modulation units 503-1 to
503-C. The modulated signals are input to a layer mapping
unit 505 and mapped to each layer in accordance with a
specified rank L. The output of each layer is input to each of
DFT units 507-1 to 507-L and converted into a frequency
domain signal by the DFT. A precoding unit 509 has a func-
tion to perform precoding so that the diversity effect is
obtained between antenna streams and precoding is per-
formed in the case where the rank L is lower than a number of
transmission antennas T of the transmission apparatus.

Next, T signals output from the precoding unit 509 and
corresponding to transmission antenna units 511-1 to 511-T,
respectively, are input to a clipping unit 513 and the clipping
unit 513 clips part of input signals based on clipping infor-
mation 1004e output from a clipping control unit 115¢ and
outputs the remaining signals. To the clipping control unit
115e, in addition to the allocation resource number informa-
tion 1003, rank information 6001 is input of the control infor-
mation output from the control information extraction unit
105 and the clipping control unit 115¢ determines a number of
clippings N; ;», based on the input control information. The
clipping control unit 115e generates the clipping information
1004e identifying the clipping position using the calculated
N ;774 and the clipping position determination method deter-
mined in common to the transmission apparatus and the
reception apparatus and outputs the generated information to
the clipping unit 513.

The output signals are allocated to subcarriers used in
transmission based on mapping information 1005 in subcar-
rier mapping units 515-1 to 515-T corresponding to the trans-
mission antenna units 511-1 to 511-T. IFFT (Inverse Fast
Fourier Transform) units 517-1 to 517-T perform the inverse
Fourier transform on the transmission signals output from the
subcarrier mapping units 515-1 to 515-T, respectively, and
thereby the frequency domain signals are converted into time
domain signals. Further, a CP is inserted in CP insertion units
519-1 to 519-T and the time domain signals are up-converted
into radio frequency band signals in radio transmission units
521-1 to 521-T and transmitted from the transmission
antenna units 511-1 to 511-T.

FIG. 16 is a block diagram showing an example of the
wireless reception apparatus configuration according to the
fourth embodiment of the present invention. In FIG. 16, for
the blocks having the same function as those in FIG. 12, the
same block numbers are used and explanation thereofis omit-
ted here. The signal transmitted from the transmission appa-
ratus is received by R reception antenna units 601-1 to 601-R
(reception antenna units 601-1 to 601-R are together repre-
sented as reception antenna unit 601) and then, down-con-
verted in radio reception units 603-1 to 603-R and after the
cyclic prefix is removed in CP removal units 605-1 to 605-R,
the signal is frequency-converted by the FFT in FFT units
607-1 to 607-R. Signals are extracted from frequencies to
which desired transmission apparatuses are allocated by sub-
carrier demapping units 609-1 to 609-R. In the R frequency
domain signals extracted for each reception antenna unit 601,
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zero is inserted into the same frequency component as the
signal clipped on the transmission side in a first zero insertion
unit 611 based on the clipping information given from a
clipping control unit 2114.

To a channel estimation unit 613, a pilot signal for channel
estimation is input and the channel estimation unit 613 cal-
culates a channel estimation value using the input pilot signal.
In the calculated channel estimation value, zero is inserted
into the position of the clipped spectrum in a second zero
insertion unit 615 based on clipping information 20014 given
from the clipping control unit 2114. The zero-inserted chan-
nel estimation value is output to a channel multiplication unit
617 and a MIMO separation/combination unit 619. After
performing the same precoding processing as that of the
transmission apparatus on the frequency domain signal of
each layer output from DFT units 621-1 to 621-L, the channel
multiplication unit 617 multiplies the resultant signal by the
zero-inserted channel estimation value input from the second
zero insertion unit 615 and outputs the obtained signal to a
cancel unit 623.

In the cancel unit 623, by the subtraction of the frequency
domain signal given from the channel multiplication unit 617
from the frequency domain signal given from the first zero
insertion unit 611, the replica of a desired signal is cancelled
and the residual signal component is calculated. However, in
the first processing of the cancel unit 623, no signal replica is
generated, and therefore, cancel processing is not performed
and the frequency domain signal given from the first zero
insertion unit 611 is output as it is to the MIMO separation/
combination unit 619. Signal restoration/combination is per-
formed for each layer transmitted in the MIMO separation/
combination unit 619 and the signal is input to IDFT units
625-1 to 625-L for each of L layers and is converted into a
time domain signal by the IDFT.

After that, in a layer demapping unit 627, a desired signal
is restored using the signal replica of each layer, which is an
output of a replica generation unit 629, and after separation
for each of C multiplexed physical channels is performed,
demodulation is performed in demodulation units 631-1 to
631-C and error correction is performed in decoding units
633-1 to 633-C. Iteration of equalization processing is deter-
mined in an iteration control unit 635 based on the LLR input
from the decoding units 633-1 to 633-C, and in the case where
processing is repeated, the LLR is output to the replica gen-
eration unit 629 in order to generate a soft replica of the
signal, and in the case where iteration processing is exited, the
LLR is output to determination units 637-1 to 637-C and
decoded bits are obtained by performing hard decision on the
LLR of the information bit sequence. The replica generation
unit 629 generates a soft replica of each layer in accordance
with the reliability of the LLR ofthe coded bit. The generated
replica is input to the DFT units 621-1 to 621-L, and then
input to the channel multiplication unit 617 described previ-
ously. Further, the replica generation unit 629 outputs the
generated replica to the layer demapping unit 627 for recon-
figuration of a desired signal at the time of equalization.

The reception apparatus in FIG. 16 differs from the recep-
tion apparatus in FIG. 2 in the first embodiment in that the
clipping control unit 211a is replaced with the clipping con-
trol unit 211d. The reception apparatus includes a rank deter-
mination unit 639, and rank information 7001 used in trans-
mission is output and is input to the control information
generation unit 303 and the clipping control unit 2114d. The
clipping control unit 211d has the same clipping number
determination means as that of the clipping control unit 115¢
in FIG. 15 and determines the number of clippings from the
input rank information 7001 and the allocation resource num-



US 9,313,775 B2

21

ber information 3001 that are input. After that, by the same
processing as that of the transmission apparatus, the clipping
control unit 2114 determines the clipping position and out-
puts the clipping information 2001d. Here, in the clipping
processing of the same transmission chance, the “allocation
resource number information 3001” and the “rank informa-
tion 7001, and the “allocation resource number information
1003 and the “rank information 6001 in FIG. 15 are the
same information notified as control information, respec-
tively, and therefore, the clipping information 20014 to be
output and the clipping information 1004e in FIG. 15 will also
be the same information. The generated clipping information
20014 is input to the first zero insertion unit 611 and the
second zero insertion unit 615 and zero insertion is performed
into the clipping position in the demapped received signal and
the channel estimation value.

FIG. 17 is a table showing an example of the clipping
number determination means in the clipping control unit 115e
and the clipping control unit 2114 of the transmission appa-
ratus and the reception apparatus according to the fourth
embodiment of the present invention. To each of the clipping
control units 115e and 2114, the allocation resource number
information and rank information indicative of the same con-
tents in the transmission apparatus and the reception appara-
tus are input. Each of the clipping control units 115¢ and 2114
has a clipping rate table as shown in FIG. 17, in which the rank
and the clipping rate are associated with each other, and if the
clipping rate when rank is L denotes R ;», (L), the number
of radio resources N;,», to be clipped in the clipping unit
513 is given by

[Formula 11].

Nepipa=tloor(R ¢z p(L)Ng)

By the calculation of the number of clippings N; ;», in this
manner, it is possible to set the number of clippings corre-
sponding to the rank in each of the transmission apparatus and
the reception apparatus.

In the configuration example described previously, as in
the first embodiment, the setting is done on the assumption
that the number of allocated resources is the DFT size before
clipping (N,~7=Nz), and in the present embodiment also, it
may also be possible to set the number of allocated resources
to the number of transmission spectra after clipping (Nz,—
Ner2a=Nyz) as in the second embodiment. As an example of
the method for determining the DFT size N, in the case
where the number of allocated resources is set to the number
of transmission spectra after clipping as above, N, can be
calculated by the table indicating the relationship between L
and R, ;» as in FIG. 17 and a formula below.

formula (5)

[Formula 12]

formula (6)

1
N, = — N
pber rxrg(x{x < (1 — Repp(L) R]}

Here, X is the set of natural numbers whose prime factors are
expressed only by 2, 3, and 5.

FIG. 18 is a table for explaining an example of clipping
information generation according to the fourth embodiment
of the present invention. It may also be possible to provide
tables different for each rand as shown in FIG. 18 instead of
using formulas, such as the formula (5) and the formula (6).
As atable #7 to a table #10 in FIG. 18, for example, the table
shown in FIG. 3 in the first embodiment, or the table shown in
FIG. 7 in the second embodiment may be used and numerical
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values input in the table may differ from rank to rank. Further,
if the information is already known to both the transmission
apparatus and the reception apparatus, it is possible to obtain
the same effects even in the case where the clipping rate is
changed based on the number of reception antennas, for
example. In the present embodiment, the case where the
clipping rate (or number of clippings) is determined based on
the value of the rank is explained, but, it may also be possible
to determine the clipping rate (or number of clippings) by the
size of a precoding matrix used in precoding to be applied in
the transmission apparatus. For example, in the case where
the size of the precoding matrix when the number of trans-
mission antennas is T and the rank is L denotes TxL, if the
value of T is different although the value of L is the same, it
may also be possible to use a different clipping rate (or num-
ber of clippings).

In the present embodiment, it is possible to perform clip-
ping processing in correspondence to the optimum clipping
rate that changes depending on the rank of the MIMO com-
munication, and by performing clipping based on the rank
information and allocation resource number information
already known to each of the transmission apparatus and the
reception apparatus, it is possible to prevent an increase in the
amount of control information due to clipping information.

Each of the plurality of embodiments described above may
be used in combination with another. For example, the band-
width of a radio resource to be clipped may be determined
based on both the MCS shown in the third embodiment and
the rank shown in the fourth embodiment and at that time, the
transmission apparatus and the reception apparatus may
determine the clipping rate using the clipping rate table asso-
ciated with the MCS and the rank.

The program that runs in the transmission apparatus and
the reception apparatus according to the present invention is a
program (program causing a computer to function) for con-
trolling a CPU etc. so as to implement the functions of the
above-described embodiments according to the present
invention. Then, information handled by these apparatuses is
accumulated temporarily in the RAM as the time of process-
ing thereof and then stored in various kinds of ROM and
HDD, and is read by the CPU according to the necessity and
modified or written. As a recording medium for storing the
program, any of the semiconductor media (for example,
ROM, nonvolatile memory card, etc.), optical recording
media (for example, DVD, MO, MD, CD, BD, etc.), magnetic
recording media (for example, magnetic tape, flexible disc,
etc.), etc., may be used. The functions of the above-described
embodiments are implemented not only by executing the
loaded program, and there may be a case where the functions
of the present invention are implemented by processing per-
formed in cooperation with an operating system, another
application program, etc., based on the instructions of the
program. When the program is made available in the market,
it is possible to make the program available by storing the
program on a portable recording medium, or to transfer the
program to a server computer connected by a network, such as
the Internet. In this case, the storage apparatus of the server
computer is also included in the present invention.

Further, it may also be possible to implement part or the
whole of the transmission apparatus and the reception appa-
ratus in the above-described embodiments as an L.SI, which is
typically an integrated circuit. It may also be possible to
integrate each functional block of the transmission apparatus
and the reception apparatus into an individual chip, or to
integrate part or the whole thereof into a chip. The method for
implementing an integrated circuit is not limited by the use of
an LS, and it may also be possible to implement by a dedi-
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cated circuit or a general-purpose processor. If a technique to
implement an integrated circuit substituted foran LS appears
due to development of the semiconductor technique, it is also
possible to use an integrated circuit by the new technique.

As above, the embodiments of the invention are described
in detail with reference to the drawings, but, specific configu-
rations are not limited to these embodiments and designs etc.
in the scope not deviating from the gist of the present inven-
tion are also included in the scope of claims. The present
invention is preferably used in a mobile communication sys-
tem in which a cellular telephone is used as a reception
apparatus, but, the use of the present invention is not limited
to this.

DESCRIPTION OF SYMBOLS

101 reception antenna unit

103 radio reception unit

105 control information extraction unit
107 encoding unit

109 modulation unit

111 DFT unit

113 clipping unit

115, 1154, 1155, 115¢, 1154, 115e clipping control unit
117 subcarrier mapping unit

119 IFFT unit

121 CP insertion unit

123 radio transmission unit

125 transmission antenna unit

201 reception antenna unit

203 radio reception unit

205 CP removal unit

207 FFT unit

209 subcarrier demapping unit

211, 211a, 2115, 211¢, 2114 clipping control unit
213 first zero insertion unit

215 channel estimation unit

217 second zero insertion unit

219 channel multiplication unit

221 equalization unit

223 DFT unit

225 cancel unit

227 replica generation unit

229 demodulation unit

231 decoding unit

233 iteration control unit

235 determination unit

301 scheduling unit

303 control information generation unit
401 MCS determination unit

501, 501-1, 501-Cencoding unit

503, 503-1, 503-Cmodulation unit

505 layer mapping unit

507,507-1, 507-L DFT unit

509 precoding unit

511, 511-1, 511-T transmission antenna unit
513 clipping unit

515, 515-1, 515-T subcarrier mapping unit
517,517-1, 517-T IFFT unit

519, 519-1, 519-T CP insertion unit

521, 521-1, 521-T radio transmission unit
601, 601-1, 601-R reception antenna unit
603, 603-1, 603-R radio reception unit
605, 605-1, 605-R CP removal unit

607, 607-1, 607-R FFT unit

609, 609-1, 609-R subcarrier demapping unit
611 first zero insertion unit
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613 channel estimation unit

615 second zero insertion unit

617 channel multiplication unit

619 MIMO separation/combination unit

621, 621-1, 621-L DFT unit

623 cancel unit

625, 625-1, 625-L IDFT unit

627 layer demapping unit

629 replica generation unit

631, 631-1, 631-C demodulation unit

633, 633-1, 633-C decoding unit

635 iteration control unit

637, 637-1, 637-C determination unit

639 rank determination unit

1001 coding rate information

1002 modulation scheme information

1003 allocation resource number information

1004, 10044, 10045, 1004c, 10044, 1004 clipping infor-

mation
1005 mapping information
2001, 20014, 20015, 2001¢, 2001d clipping information
3001 allocation resource number information
4001, 4001a DFT size information
5001 coding rate information
5002 modulation scheme information
6001 rank information
7001 rank information
The invention claimed is:
1. A wireless transmission apparatus that communicates
with a wireless reception apparatus, the wireless transmission
apparatus comprising a processor and a memory having
instructions stored thereon, the processor configured to:
receive a first information which indicates an allocated
radio resource to the wireless transmission apparatus
and is notified from the wireless reception apparatus;

perform clipping processing not to transmit spectra of part
of a frequency domain signal;

convert the frequency domain signal after the clipping

processing into a time domain signal; and

transmit the time domain signal to the reception apparatus,

wherein

the spectra not transmitted are identified based on the first

information;

wherein the spectra not transmitted are identified based on

a table in which a bandwidth of the allocated radio
resource and a bandwidth of the spectra not transmitted
are associated with each other.

2. The wireless transmission apparatus according to claim
1, wherein

the spectra not transmitted are identified based on a clip-

ping rate determined in advance between the wireless
reception apparatus and the wireless transmission appa-
ratus.

3. The wireless transmission apparatus according to claim
1, wherein

in a case where the clipping processing is performed in

allocation units of the allocated radio resource, when N
denotes a number of allocation units of the allocated
radio resource, R - ;» denotes a clipping rate determined
in advance between the wireless reception apparatus and
the wireless transmission apparatus, and floor (x)
denotes a function expressing a maximum integer equal
to or less than a real number x with respect to x, a number
of clippings N, ;» corresponding to the number of allo-
cation units to be subjected to the clipping processing is
determined using a formula below

Negp=floor(Rcr1p°Ng) [Formula 1C].
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4. The wireless transmission apparatus according to claim
1, wherein
a DFT (Discrete Fourier Transform) size of the frequency
domain signal is determined based on a bandwidth of the
allocated radio resource and a bandwidth of the spectra
not transmitted.
5. The wireless transmission apparatus according to claim
4, wherein
the DFT (Discrete Fourier Transform) size of the frequency
domain signal is determined based on a table in which a
bandwidth of the allocated radio resource and a band-
width of the spectra not transmitted are associated with
each other.
6. The wireless transmission apparatus according to claim
4, wherein
in a case where the clipping processing is performed in
allocation units of the allocated radio resource, when N
denotes a number of allocation units of the allocated
radio resource, R - ;» denotes a clipping rate determined
in advance between the wireless reception apparatus and
the wireless transmission apparatus, and X denotes a set
of natural numbers whose prime factors are expressed
only by 2, 3, and 5, the DFT size N, is determined
using a formula below

[Formula 2C]
Nprr = max{x < (; -NR)}.
xeX 1- RCLIP

7. The wireless transmission apparatus according to claim
1, wherein

the reception unit receives a second information which
indicates an MCS (Modulation and Coding Scheme) to
be applied in transmission to the wireless reception
apparatus and is notified from the wireless reception
apparatus; and

the spectra not transmitted are identified based on the sec-
ond information.

8. The wireless transmission apparatus according to claim

7, wherein

in a case where the clipping processing is performed in
allocation units of the allocated radio resource, when N
denotes a number of allocation units of the allocated
radio resource, R, ;»; denotes a clipping rate deter-
mined in advance between the wireless reception appa-
ratus and the wireless transmission apparatus, a clipping
rate when a coding rate is P and a modulation scheme is
Qdenotes R ;55 (P, Q), and floor (x) denotes a function
expressing a maximum integer equal to or less than areal
number x with respect to x, a number of clippings N, ;55
corresponding to the number of allocation units to be
subjected to the clipping processing is determined using
a formula below

Nezp3=100r(R cp3(£,0)Ng)

9. The wireless transmission apparatus according to claim
7, wherein

in a case where the clipping processing is performed in
allocation units of the allocated radio resource, when N,
denotes a number of allocation units of the allocated
radio resource, a clipping rate when a coding rate is P
and a modulation scheme is Q denotes R, ;- (P, Q), and
X denotes a set of natural numbers whose prime factors
are expressed only by 2, 3, and 5, the DFT size N, is
determined using a formula below

[Formula 3C].

20

25

30

35

40

45

50

55

60

65

26

[Formula 4C]
Nprr = max{x < (; -NR)}.
xeX 1= Rcup(P, Q)

10. The wireless transmission apparatus according to claim

1, wherein

the reception unit receives a third information which indi-
cates a rank applied in transmission to the wireless
reception apparatus and is notified from the wireless
reception apparatus; and

the spectra not transmitted are identified based on the third
information.

11. The wireless transmission apparatus according to claim

10, wherein

in a case where the clipping processing is performed in
allocation units of the allocated radio resource, when N
denotes a number of allocation units of the allocated
radio resource, a clipping rate when a rank is [ denotes
Rzzp4 (L), and floor (x) denotes a function expressing a
maximum integer equal to or less than a real number x
with respect to X, a number of clippings N ;», corre-
sponding to the number of allocation units to be sub-
jected to the clipping processing is determined using a
formula below

N g pa=fl00r(R 7 ;p(L)"Ng) [Formula 5C].

12. The wireless transmission apparatus according to claim

10, wherein

in a case where the clipping processing is performed in
allocation units of the allocated radio resource, when N,
denotes a number of allocation units of the allocated
radio resource, a clipping rate when a rank is [ denotes
R .p (L), and X denotes a set of natural numbers whose
prime factors are expressed only by 2, 3, and 5, the DFT
size N, is determined using a formula below

[Formula 6C]
Nprr = max{x < (; -NR)}.
xeX 1= Repp(L)

13. A wireless communication system configured by a

wireless transmission apparatus according to claim 1 and a
wireless reception apparatus.

14. A wireless reception apparatus that communicates with

a wireless transmission apparatus, comprising:

a scheduling unit that determines a frequency band to be
subjected to clipping processing based on a first infor-
mation which indicates an allocated radio resource to the
wireless transmission apparatus and a radio resource
clipping frequency position determination rule already
know to a reception side: and

a transmission unit that transmits the first information to
the transmission apparatus; and

areception unit that receives a signal having been subjected
to clipping processing not to transmit a spectra of part of
a frequency domain signal on a transmission side and
transmitted;

wherein the spectra not transmitted are identified based on
a table in which a bandwidth of the allocated radio
resource and a bandwidth of the spectra not transmitted
are associated with each other.
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15. A radio communication method used for a wireless
transmission apparatus which is configured to and/or pro-
grammed to communicate with a wireless reception appara-
tus, the radio communication method comprising;

receiving a first information which indicates an allocated

radio resource to the wireless transmission apparatus
and is notified from the wireless reception apparatus;

clipping processing not to transmit spectra of part of a

frequency domain signal;

converting the frequency domain signal after the clipping

processing into a time domain signal; and

transmitting the time domain signal to the reception appa-

ratus; wherein the spectra not transmitted are identified
based on the first information;

wherein the spectra not transmitted are identified based on

a table in which a bandwidth of the allocated radio
resource and a bandwidth of the spectra not transmitted
are associated with each other.

16. An integrated circuit that is implemented in a wireless
transmission apparatus thereby causing the wireless trans-
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mission apparatus to exhibit a plurality of functions, the inte-
grated circuit comprising a processor and a memory having
instructions stored thereon, the processor configured to:
receive a first information which indicates an allocated
radio resource to the wireless transmission apparatus
and is notified from the wireless reception apparatus;
perform clipping processing not to transmit spectra of part
of a frequency domain signal;
convert the frequency domain signal after the clipping
processing into a time domain signal; and
transmit the time domain signal to the reception apparatus;
wherein
the spectra not transmitted are identified based on the first
information;
wherein the spectra not transmitted are identified based on
a table in which a bandwidth of the allocated radio
resource and a bandwidth of the spectra not transmitted
are associated with each other.
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